I
t is controversial whether early inter vention with inhaled corticosteroid therapy makes a difference in the long-term outcome among children with asthma. [1] [2] [3] [4] [5] [6] [7] We hypothesized that for such an intervention to be successful, it must be implemented in infancy, since asthma and the loss of lung function begin during the first years of life. [8] [9] [10] [11] [12] [13] It is difficult to diagnose asthma in young children, although most authorities agree that recurrent episodes of respiratory symptoms such as wheezing, coughing, and breathlessness portend the development of asthma. [14] [15] [16] It is likely that such a symptomatic period before asthma is diagnosed -considered by some to be "pre-asthma" -reflects the earliest pathologic features of asthma.
In the Prevention of Asthma in Childhood (PAC) study, a double-blind, randomized, controlled trial, we tested the hypothesis that intermittent inhaled corticosteroid treatment triggered by episodes of pre-asthma may prevent or delay progression to persistent wheezing (or have an immediate effect on symptoms) in a cohort of infants whose mothers had received a diagnosis of asthma. We monitored daily the progression of asthmatic symptoms from birth through the first three years of life, using the number of symptom-free days as the primary outcome and the development of persistent wheezing as a secondary outcome.
Me thods

Subjects and Study Design
The study was conducted in accordance with the guiding principles of the Declaration of Helsinki and was approved by the ethics committee for Copenhagen (filing no., KF 02-118/98), the Danish Medicines Agency (no., 2602-581) , and the Danish Data Protection Agency (no., 1998-1200-359) . Before enrollment, written informed consent was obtained from the infants' parents. We ensured the validity of the data by complying with Good Clinical Practice guidelines and quality-control procedures. Data were collected online into an externally monitored, structured-query-language database. An audit trail was run routinely. The study was designed and the data were analyzed by the principal investigator, with input from the coauthors and sponsors. The sponsors made no decisions regarding interpretation or statements in the manuscript. The data are fully owned and controlled by the principal investigator.
The study was nested in the Copenhagen Prospective Study on Asthma in Childhood (COPSAC), a prospective, longitudinal, birth-cohort study. 17 A total of 798 pregnant women with a history of physician-diagnosed asthma were invited to enroll in COPSAC; 452 agreed to participate, and 411 of their newborns were enrolled between August 1998 and December 2001. Although the infants were enrolled at one month of age, they were not randomly assigned to treatment until they had a first episode of wheezing.
Budesonide (Pulmicort, AstraZeneca), at a dose of 400 μg per day, or matching placebo was administered by pressurized metered-dose inhaler and a spacer for two weeks (as described in the Supplementary Appendix, which is available with the full text of this article at www.nejm.org). The families kept the randomly assigned treatments at home and were instructed to initiate a two-week period of treatment after the third day of symptoms and to visit the clinic for clinical evaluation within 24 hours. In addition, the parents were provided with terbutaline (Bricanyl, AstraZeneca) to be administered by pressurized metered-dose inhaler with a spacer when it was perceived to be needed by the infant for symptomatic relief. At the discretion of the pediatricians (the authors) at the clinical research unit, open-label budesonide (400 μg each morning) could be added to the study treatment for periods of two weeks for children presenting with severe symptoms. No other asthma medication was allowed. Correct inhaler technique was ensured by parental education and practice at the clinic at visits every six months.
Symptoms and the use of β 2 -agonists were recorded by the parents daily in diaries during the infants' first three years of life. A comprehensive educational session, more than an hour in duration, was conducted at scheduled clinic visits that took place every six months; parents were taught to record their child's lung-related symptoms, with an emphasis on the lower airways, as opposed to simple cold symptoms and to note only symptoms that troubled the child (e.g., those affecting activity or sleep). Wheezing was explained to the parents as any symptom severely affecting the child's breathing and manifested as, for example, noisy breathing (wheezing or whistling sounds), breathlessness, shortness of breath, or persistent troublesome coughing and was recorded as a composite dichotomized score (yes or no). This symptom definition and the diary entries were reviewed with the parents at each six-month visit. A dedicated book on asthma-like symptoms and treatment in young children was given to the parents (and is available at www.copsac.com). Episodes of wheezing were defined as three consecutive days on which the child had wheezing symptoms. The parents were requested to bring the child to the clinical research unit for examination by the unit doctor within 24 hours after every episode (i.e., on the fourth consecutive day of symptoms). Children attended the dedicated clinical research unit rather than other health care providers for any symptoms relating to the airways or skin. In addition, at the regular visits every six months, parents were interviewed with the use of structured questions and standardized response categories that focused on the child's lung-related symptoms, diagnoses, medication, use of health care resources, lifestyle, and home environment and that were assessed by the clinical-researchunit doctor.
Children discontinued participation in the trial if they had persistent wheezing, defined as five episodes (each lasting at least three consecutive days) within six months, daily symptoms for four weeks, or acute severe asthma symptoms (resulting in hospitalization or the need for systemic corticosteroid treatment, as judged by the clinical-research-unit doctors). Serious adverse events incompatible with study participation or insufficient adherence with the study procedures also led to discontinuation.
The safety of the study treatment was assessed when the children were three years of age by measuring height by Harpenden stadiometry and bone mineral density by ultrasonography at the phalanx. 17 Nasal secretions were collected at every episode to allow evaluation for respiratory viruses (rhinovirus, respiratory syncytial virus, coronavirus, adenovirus, human metapneumovirus, influenza virus, and parainfluenza virus). Respiratory viruses were identified by reverse-transcriptase-polymerase-chain-reaction analysis (unpublished data).
Lung function and bronchial responsiveness were tested by the raised-volume rapid-thoracoabdominal-compression technique 18 at enrollment, when the children were one month of age. Specific airway resistance was measured at the end of the trial, when the children were three years of age, by whole-body plethysmography 19,20 before and after the inhalation of 0.25 mg of terbutaline.
Allergies (to inhalants and food allergens, as determined by skin testing and specific and quantitative IgE analyses) and blood eosinophil counts were determined when the children were 6 and 18 months of age. Atopic dermatitis was diagnosed according to the criteria of Hanifin and Rajka. 21 
Study Objectives
The primary objective of the PAC study was to assess the efficacy of inhaled budesonide relative to that of placebo after a first episode of wheezing in reducing subsequent respiratory symptoms during the first three years of life. The primary outcome variables were the number of symptom-free days, the number of days free of the use of rescue medication, the number of episodes, and the number of treatments with openlabel budesonide.
The secondary objective was to assess the ability of inhaled budesonide to prevent or delay persistent wheezing (i.e., to prolong the time until discontinuation of study treatment because of persistent wheezing). Additional secondary outcomes were the time between the first and second episodes of wheezing, the immediate effect of treatment on symptoms, and potential side effects of treatment on height and bone mineral density.
Statistical Analysis
Efficacy and safety analyses included all randomly assigned children who took at least one dose of study medication. No prevalence data in a highrisk population for the primary outcome (symptom-free days) are available. A power calculation was therefore based on the assumptions that 36 percent of the children in this high-risk population would have persistent wheezing (a prevalence of 14 percent was reported in a study of children at normal risk 22 ) and that treatment would reduce this proportion to 22 percent. 23 This calculation suggested that at an alpha level of 5 percent and a statistical power of 80 percent, the enrollment of 356 children would be required, and this number was used as the predefined target in the protocol.
All hypothesis testing was two-sided, with a 5 percent threshold for statistical significance.
Symptom-free days, days free of wheezing, and days free of the need for rescue medication were compared between treatment groups by analysis of variance with treatment as a factor. Cumulative incidence was denoted as a proportion. The interaction between treatment and the outcome of viral testing was evaluated by including the factor virus-outcome and the interaction between virus-outcome and treatment in the analysis of variance. Treated episodes and treatment with add-on medication were compared between the groups with the use of Poisson regression. In the comparison of long-term outcomes, the first treatment episode was excluded. The time to discontinuation because of persistent wheezing was compared between the groups with the use of a Cox proportional-hazards model. Bone mineral density and height at the age of three years were compared between the groups with the use of analysis of variance with treatment group as a factor.
R esults
Four hundred eleven infants were enrolled at one month of age (i.e., more than the target of 356 children based on the power calculation); 301 of them were randomly assigned to treatment at a mean age of 10.7 months, and 294 received at least one treatment (Fig. 1) . Fourteen infants in each group were withdrawn from the study (but not from the analyses) for reasons unrelated to study treatment. A total of 1661 episodes were identified in the diaries; 577 of the episodes did not result in a visit to the clinical research unit. The randomly assigned groups were similar with respect to baseline characteristics, lung function and bronchial responsiveness at 1 month of age, environmental tobacco exposure, allergy-test results and blood eosinophil counts at 18 months of age, and the presence or absence of atopic dermatitis by the age of 3 years (Table 1) .
The proportions of symptom-free days and days free of the need for rescue medication, as well as the numbers of episodes and treatments with add-on medication, were similar in the two groups (Table 2) . During the three-year trial, the frequency of episodes was 3.1 per child per year in the budesonide group and 2.7 per child per year in the placebo group after randomization (estimated hazard ratio, 1.16; 95 percent confidence interval, 0.95 to 1.41). Two-week open-label addon treatment was needed on 59 occasions in the budesonide group and 37 occasions in the placebo group (risk ratio, 1.66; 95 percent confidence interval, 0.96 to 2.87).
The secondary outcome of persistent wheezing leading to study discontinuation was observed in 24 percent of the children receiving budesonide treatment and 21 percent of those receiving placebo (odds ratio, 1.22; 95 percent confidence interval, 0.71 to 2.13; P = 0.48 by the chisquare test). The time to study discontinuation was similar in the two groups (P = 0.41 by the log-rank test) (Fig. 2) . The time from a first episode to a second episode of wheezing also did not differ significantly between the budesonide and placebo groups (hazard ratio, 1.12; 95 percent confidence interval, 0.86 to 1.44; P = 0.40). The treatment response was not significantly different between children with atopic dermatitis and those without atopic dermatitis before three years of age. Furthermore, specific airway resistance at three years of age was similar in the two groups, both at baseline and after bronchodilator use (Table 2) , and was similar to our in-house reference value for healthy three-year-old children. 24 Respiratory symptoms during the acute episodes (i.e., during the 2-week treatment periods) were similar in the budesonide and placebo groups during the first episode and all episodes and lasted an average of 10 days (Fig. 3) . A respiratory virus was identified in 369 of 583 episodes (63 percent), but the immediate treatment effect was not affected by viral status (P>0.30 for all symptom variables). The height at three years of age measured by stadiometry and bone mineral density measured by ultrasonography at the phalanx were unaffected by treatment group (see the Supplementary Appendix).
Discussion
In this study, two-week treatments with inhaled budesonide during episodes of wheezing in highrisk infants during the first three years of life had no effect on the progression from episodic to persistent wheezing and also had no short-term effect. The development of persistent wheezing was similar in the two groups (24 percent with budesonide and 21 percent with placebo), and the mean duration of the acute symptomatic episodes (10 days) was unaffected by treatment. The response to treatment was independent of the presence or absence of concurrent atopic dermatitis and respiratory viruses.
The trial was based on the hypothesis that early treatment with inhaled corticosteroids modifies Asthma in father (%) ‡ 14 9
Age at first dose of study treatment (mo) 10.8±6.9 10.4±6.7
Risk factors for wheezing and asthma FEV 0.5 at 1 mo of age (ml) 68±19 68±17
Provocative-dose methacholine at 1 mo of age (μmol) Atopic dermatitis before 3 yr of age (%) 38 42
the progression of asthma -that is, the progression from episodic to persistent wheezing. Uncontrolled, prospective short-term 3 and longterm 2,25 follow-up data as well as data from randomized, double-blind, controlled trials with two to three years of follow-up 1,5 have suggested that corticosteroid treatment initiated within the first years after the onset of asthma controls disease progression. In contrast, the randomized, controlled Childhood Asthma Management Program study, in which children were treated for four to six years, found a small improvement in lung function before the use of a bronchodilator but no benefit with respect to lung function after bronchodilator use 7 ; however, these children had had asthma for at least five years before randomization. Overall, the data suggest that intervention after the first years of asthma can control symptoms but not alter the natural course of the disease. Our study was designed to begin the treatment period even earlier and thus to determine the effect of inhaled-corticosteroid treatment during wheezy episodes of pre-asthma on the subsequent development of asthma. Such very early intervention is the distinguishing feature of this study. However, the study is confounded because in many children, symptoms of pre-asthma are present but asthma does not develop. Hence, pre-asthma reflects a common phenotype of heterogeneous etiologic factors, including virus-associated and atopyassociated respiratory symptoms and respiratory symptoms that follow bronchiolitis, as well as asthma. Pre-asthma might be considered analogous to the heterogeneous stage preceding other diseases (e.g., hypertension and hypercholesterolemia 26, 27 ). Our data show that episodic, short-term treatment in infants with pre-asthma symptoms does not provide benefit.
We used a single-center, birth-cohort design in which every infant was monitored prospectively from birth by means of daily diary cards. Thus, there was close follow-up and reasonable, but not perfect, adherence to the treatment regimen. Our study might be criticized because one third of the episodes retrospectively identified from the diaries did not result in a visit to the clinical research unit according to protocol, and such instances may reflect failure to initiate a treatment cycle. Still, this level of adherence probably exceeds the level that would prevail outside the aegis of a tightly controlled clinical trial. 28 Since the term "wheezing" may be difficult for some lay persons to understand, 29,30 we defined wheezing according to the presence of symptoms severely affecting the child's breathing, such as noisy breathing (wheezing or whistling sounds), breathlessness, shortness of breath, or persistent troublesome coughing (see the Supplementary Appendix). This approach probably resulted in a reasonable capture of data on lung-related symptoms. Furthermore, respiratory conditions were diagnosed and managed on a day-to-day basis by the clinical-research-unit doctors (the authors) and according to predefined algorithms, thus minimizing the risk of symptom misclassification resulting from the variable diagnostic criteria and treatment traditions within the medical community.
The lack of an effect of early intervention with an inhaled corticosteroid may be interpreted in several ways. The concept of early intervention may be erroneous; our inhaled-corticosteroid strategy may be incorrect, and regular (instead of intermittent) therapy may be required. However, elsewhere in this issue of the Journal, Guilbert et al. 31 report that two years of inhaled corticosteroids did not change either the likelihood of the development of asthma or lung function in preschool children at high risk for asthma. Higher and more frequent doses may be necessary, or it may be necessary to initiate treatment earlier than the third day of symptoms. The treatment of episodes of wheezing, even in high-risk populations, may lack specificity. Many of the episodes treated were documented to be associated with a viral infection, but the response was not different in these instances. Children's status with respect to atopic dermatitis also did not affect the treatment response. It is possible that asthma early in life represents a pathologic process different from that seen later in life, 32-35 and therefore, the first years of life may be too early for intervention with an inhaled corticosteroid. The effect of maintenance therapy with inhaled corticosteroids in young children with persistent wheezing is well documented, 23,36-38 but this salutary effect is driven mainly by the inclusion of children with more severe symptoms and increases with age. 39, 40 In summary, we found that early intervention with intermittent inhaled corticosteroid therapy had no effect on the progression from episodic to persistent wheezing in young children at high risk for asthma and no short-term effect on wheezing. Hence, our results caution against the widespread use of short courses of inhaled corticosteroids in the treatment of episodic wheezing while regular inhaled corticosteroid therapy should be reserved for young children with persistent wheezing. Dr. Bisgaard reports having received consulting and lecture fees and sponsored grants from Aerocrine, AstraZeneca, Altana, GlaxoSmithKline, Merck, and MedImmune. He does not hold stock or options in any pharmaceutical company in the respira- 
